The research focuses on the effect of using waste marble powder and quarry dust as partial sand replacement materials on concrete properties. Massive exploitation of the nonrenewable natural resources to fulfill the aggregate requirement of billions of tones each year for concrete production bears the serious risk of their gradual depletion. Therefore, concerns of aggregate material source depletion, together with the evolution of concepts of sustainable development and material conservation, leads to exploring of the effective utilization of waste materials instead of natural resources. Nine concrete mixes were prepared with Marble Powder and Quarry Dust as sand replacement materials (12.5%, 25%, 50% separately, and 25%, 50% combined). The effect of the replacements on workability, tensile, compressive and flexural strengths and cost were studied. Marble Powder negatively affected the workability while Quarry Dust improved it. Strengths were improved for 12.5% replacement of both the materials but further replacement decreased the strength within acceptable limits. These waste powders improved mechanical properties (at optimum percentages) or showed acceptable strength results (at higher percentages). The replacements of natural sand by waste quarry dust and marble powder will help to resolve environmental, economic and ecological issues of concrete production and will lead towards sustainability.
INTRODUCTION
Concrete is the most widely used construction & building material. In 2001, the global concrete production reached 12 billion tons per year (Mehta, K.P. 2001) . Typically, ordinary concrete consists of cement and aggregate (coarse and fine) in the ratio of Fifth International Conference on Sustainable Construction Materials and Technologies. http://www.claisse.info/Proceedings.htm 20% and 80% respectively. This implies that we were, globally, using quantity of aggregates equal to 10 billion tons per annum for concrete production. powder requires considerable vacant land and is a critical environmental issue. Therefore, re-evaluation of this waste material will be environmentally and financially beneficial (Alyamaç and Ince, 2007) . Pakistan possess more than 300 billion tones (approx.) marble and onyx reserves (TDAP, 2010) . Marble processing units exist in Karachi in Sindh; Mansehra, Mardan and Peshawar in Khyber-Pakhtunkhwa; Mohmand Agency, Khyber Agency and Bajur Agency in FATA; and Quetta, Loralai and Lasbela in Balochistan (TDAP, 2010) . Pakistan is using primitive mining techniques and locally fabricated machinery for this purpose. The material wastage ratio in Pakistan is relatively high, which reaches up to 73% against the standard quarry wastage in the world i.e. 50% of the gross produce (APMIA, 2018) . This quarry wastage can also be converted to powder form for using in concrete. Similarly, quarry dust is produced in abundance in Pakistan at aggregate crushing plants such as Sargodha, Sakhi Sarwar, Margalla sites which can be as partial alternative to sand in concrete. Research on use of waste marble powder and quarry dust in concrete is on the go worldwide. Priyatham, B. P. R. V. S. et al. (2017) , found that compressive strength and split cylinder tensile strength increased when quarry dust was substituted for sand up to 30% along with 10% marble powder as cement substitute. Siong Kang Lim et al (2017) showed that quarry dust utilization as sand replacement in Lightweight Foamed Concrete improves its compressive strength & thermal conductivity for a given w/c ratio. Charles K. Kankam (2017) showed that blending sand and quarry dust produces concrete of enhanced mechanical properties. Malpani et. al (2014) observed that mix containing 40% sand, 40% marble sludge powder, 20% quarry rock dust had the best compressive strength. Chandana Sukesh, (2013) showed that replacement of sand with quarry dust improved compressive strength of concrete. Hameed & Sakar, (2009) substituted sand with 50% quarry stone dust and showed that 7 days and 28 days compressive strength of green concrete was 6.49% and 9.49% higher than controlled concrete respectively. Similarly the 7 days and 28 days split tensile strength of green concrete was 14.62 and 8.66% which were higher than controlled concrete respectively. Talah et al (2015) ,found effective use of marble powder as sand substitute (15%) without any decrease in strength of high performance concrete. Also, oxygen and chloride permeability confirmed the high durability of concrete. Er. Raj P. Singh Kushwah et al (2015) showed that marble slurry can be used as a filler material, replacing sand up to 30%, without compromising strength of mortar and concrete. . Gulden Cagin Ulubeylia (2016) found out that the use of waste marble as an admixture material or aggregate in the conventional or self-compacting concrete mix can improve durability properties of the concrete such as water absorption, permeability, resistance of chloride penetration and sulphate attack. Gulden Cagin Ulubeylia (2015), showed that the use of waste marble in the conventional concrete mix can improve some properties of the hardened concrete. Silva, D. et al. (2014) , showed that marble powder at 0, 20, 50, and 100% sand substitute negatively affected workability and strength properties of concrete. Sounthararajan et al. (2013) found that 10 % sand replacement with marble powder as optimum percent for enhanced mechanical strengths in concrete and workability decreased with increase in marble powder content. They also found that higher replacement of sand with marble powder is feasible for M30 concrete but not for higher strength concrete. Rai, B., Khan, N.H., Abhishek, K., Rushad, T., Duggal S.K, (2011) , found better compressive and flexural strength of concrete by incorporating marble powder as partial sand substitute. Corinaldesi et al. (2010) , found that at same workability, marble powder showed high strength at 10% sand substitution. This research aims at utilization of waste marble powder and quarry dust in concrete as partial replacement of sand. In this study, the laboratory tests for characterization of materials i.e. quarry dust and marble powder and determined their properties e.g. gradation, specific gravity and water absorption were conducted. Both cylinders and prisms were casted and tested. Sand was replaced by waste materials, Marble powder and Quarry dust from 12.5% to 50 %. ASTM standards were followed to determine fresh as well as hardened concrete properties such as workability, density, compressive strength, splitting tensile strength and flexural strength. Observations and results were recorded, compiled, interpreted and compared. Cost estimate and feasibility of Quarry Dust and Marble Powder as a replacement of sand has been evaluated for use in concrete.
EXPERIMENTAL PROGRAM

Materials
Ordinary Portland cement Type-1 conforming to ASTM C-150 requirements with blain fineness of 3090 cm 2 /gm was used as hydraulic binder. Table-1 shows the comparison of properties of aggregates. Quarry dust and marble powder having maximum size of 4.75mm and 2.38mm respectively were used as partial replacements of sand. Figure 1 shows gradation of constituent materials. Table-2 shows the results of chemical analysis of cement, marble powder and quarry dust. Na2O 0.24 1.37 0.526 ---10.
TiO2 ---------1.21
Experimental Methodology
Trial mixes at w/c ratios of 0.45, 0.5, 0.55 and 0.60 were prepared in order to decide an appropriate w/c ratio and a workable mix, without any bleeding and segregation and w/c of 0.55 was selected. Mix ratio 1:2:3 was employed. Marble powder and quarry dust were utilized at the rate of 12.5%, 25% and 50% as individual replacement for sand and 25% & 50% as combined replacement in equal proportions and 9 mix (as shown in Table- 3) were prepared. For compressive strength and split cylinder tensile strength test, cylinders of 150x300 mm and for flexural strength test prisms of 100x100x500 mm size were casted and tested at 28 days (Figure 2 
RESULTS
Properties of fresh and hardened concrete were affected by replacement of sand with marble powder and quarry dust. The combined replacement of these two materials up to 25% (12.5% MP+12.5%QD) has improved the compressive strengths. M12.5 and Q12.5 have strength 25.93% and 17.73% respectively more than control sample. Minimum value of compressive strength was for Q25 (i.e. 7.46 % less than control specimen).
Figure-4: Compressive Strength
Figure-5 reveals that Tensile strength of concrete exhibited same trend as that of compressive strength i.e. it improved with replacement of sand with Marble Powder and Quarry Dust up to 12.5% and combined replacement of these materials up to 25% (12.5%MP+12.5%QD); however, it decreased with further replacement. Maximum value of tensile strength was 5.70 MPa for M12.5, being 27.94% more than control concrete. Q12.5 and Q12.5M12.5 have strengths 8.33% and 8.63% respectively more than control concrete. production of 100 m 3 concrete in Pakistan between conventional concrete and those in which sand has been partially replaced by marble powder and quarry dust on the basis of at source material cost. Cost of production of 100 m 3 conventional, M50, Q50 concrete is USD 3453, USD 3391 and USD 3398 respectively. Therefore, incorporation of marble powder and quarry dust in place of sand produces moderately economical concrete 
DISCUSSION
Decrease in slump value due to marble powder may be attributed to its finer particles, having larger surface area and hence increased water demand and vice versa may be true for quarry dust. Decreased workability may be due to higher water demand of MP due to its fineness. Improved workability may be due to less water demand of QD because of lower fineness. Percentage differences of strength from conventional concrete are shown in Table- 3. Generally, results of all strength tests exhibited similar trend: Strength increased for 12.5 % replacement of sand with marble powder and quarry dust, however with further replacement of sand strength values decreased both for marble powder and quarry dust. Reason for improvement of strength properties can be attributed to filler effect of marble powder and better workability of quarry dust mixes. Marble powder, due to its finer particle size, has filler effects and helps in better packing and production of more dense mass of concrete with better strength properties. Very fine marble powder with high CaO content and surface area shows higher strength at 12.5%. After this optimum percentage more water is required due to adsorption for higher surface area of Marble powder hence the strength is decreased. Additionally increase of marble powder quantity beyond 12.5 % disturbs the proportion between finer and coarser particles and thus excess of fine particles causes decrease in strength, as is evident from comparison of M25 and M50 sample. Quarry dust ,due to its relatively larger particle size and less water absorption, produces more workable mix with better compaction properties (dense mass) having improved strength. As replacement of quarry dust increases, demand of water decreases than control mix. Therefore, replacement of quarry dust beyond a certain quantity, water remains in excess (since w/c ratio is constant) and this excess water causes in decrease in strength. Incorporation of marble powder and quarry dust in place of sand produces moderately economical concrete with acceptable workability and mechanical strengths.
CONCLUSIONS
Based on this research, following conclusions can be drawn: ▪ Workability of the mix is reduced due to replacement of sand with Marble Powder. Decreased consistency of the concrete mix can be attributed to higher water demand of Marble Powder due to its fineness (higher surface area). Workability of the mix improved due to replacement of sand with Quarry Dust. Improved consistency may be due to less water demand of Quarry Dust because of lower fineness. ▪ Compressive strength increased by replacement of sand with Marble Powder and Quarry Dust up to 12.5% then decreased with further replacement. Also, combined replacement of these two materials up to 25% (12.5% MP+12.5%QD) has improved results of compressive strength, Q12.5M12.5 specimen showed compressive strength 5.39% more than control specimen value. Strengths are increased up to optimum percentages, but decreases after optimal value. The reason for high strength up to optimal value is chemical composition (CaO content), surface area, filling effect, nucleation effect of sand replacement materials. After optimal values, water requirement is increased and improper packing may occur, hence strength is decreased.
▪
Tensile strength of concrete exhibited same trend as that of compressive strength i.e. it improved with replacement of sand by Marble Powder and Quarry Dust up to 12.5% and combined replacement of these materials up to 25% (12.5%MP+12.5%QD). ▪
Flexural strength of concrete also improved due to replacement of Marble Powder and Quarry Dust up to 12.5% and then decreased. Maximum value of Flexural strength obtained was for M12.5 specimen, 40.9% more than that of control specimen. ▪
Generally, results of all strength tests exhibited similar trend: M12.5, Q12.5 and Q12.5 M12.5 specimens have strengths more than control specimen values and all other specimens have strengths less than control specimen with Q25specimen having minimum strength values. ▪ Both quarry dust and marble powder can be used up to 25% each separately and 50% (25%Q +25%M) in combined form in concrete production without much compromise in strengths and workability. Thus these waste materials can effectively replace the natural sand. Thus in the areas with high percentages of wasted Quarry dust and Marble powder, the heap depositing and associated hazardous environmental problem is resolved by using wastes in concrete. At the same time the natural sand source depletion rate can be decreased. ▪
Cost analysis shows that concrete having replacement of marble powder and quarry dust is economical than conventional concrete. Cost of production of 100 m 3 conventional, M50, Q50 concrete is USD 3453, USD 3391 and USD 3398 respectively. ▪ It is, therefore, feasible to utilize quarry dust and marble powder in concrete production as partial replacement of fine aggregate. It improves mechanical properties of concrete and, helps to solve the environmental, economic and material conservation or ecological problems associated with concrete production.
